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when the structural came béing, that become visible and and thea 
only 


The rapid development the third the the study and 
artificial production natural ‘substarces, the substances with the 
the organic industry all this due the fact that the was provided 
with theorctical basis the theory structure, this theory most fruitful 


The theory structure, otherwise the structural theory, the sum the 
lecular structure organic aad and the between and 
Structure Gow the sequence interatomic bonds, chemical the atoms 


which was predominant that time and which all develop 
molecules, 


and the concept the chemical bond, and bonding, These were 
sidered further, 


course, that time concept did not docs the present time, bond directions and 
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the predicted the theory, and thus brilliant for 1865 the 
proposed the which are now accepted fer with double and triple bonds, During these years 
and bis assuciates worked out the principles the theory the mutual atoms, The most 

1876 quite definitely the for which Laar proposed the 


Later, the chemical the most organic compounds been established 


associzted with cls and positions carboa atoms joined double bonds, This 


The from the theory structure was natural and logical that the fun- 
the Latter was indicated even 1365 who noted that physical atoms 
may while the chemical structure the Hoff wrote that “there but single step 
tween the concept the which atoms are linked and the the 


the ground for the future the structure complex compounds, 


the were using for which not essentially from those used 
ward his coordination theory, which was further the the theory chemical structure 
lences complex-forming atoms, 


However, that time (the end the 19th centrury) became acutely that further progress the 
structural could not made before the physical meaning the fundamental concepts the 
theory chemical and the conccpts valence and the chemical bord 
This for the failure, for example, numerous attempts explain structure 

compounds, and radicals with the aid elucidate the 
One such attempt, which might have been among the was the hypothcsis 


Structural chemistry could longer expected make further progress without aid from 
The made physicists the end the and the beginning the 20th led 
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well-known 1916 paper Lewis and the subsequent work Lewis and were the most 


However, the work Lewis Included which was considerably the that 
electrons forming bond may toward one the two atoms, that the bond becomes polar, 
electron which into two main groups: static displacements, taking place 
cules the ground state, and dynamic the solvent, catalyst, 
Fer clear the clectroric such molecules there was introduced the the 
meric compounds with multiple bonds, with structures which 


These the concepts single ‘vith and single bonds with each 


the Schrodinger put his equation, has since thea beea 
bond Involved the theorctical concepts which methods adopted from 


computation more complex molecules, The method was the starting for the development 
the bond method, whereas the with Bloch's Interpretation conduc 
tance metals the method orbitals, these methods were since the beginning 
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gave the method orbitals, 


1933 Pauling began the theory based, the onc the 
bond method, and the the qualitative The theory wos widely 
teristics bonds and also for the compounds, However, the resonance 

the main problems the most recent electronic promising this respect was the 

had teen This method was used out the “molecular numcrous 


the language the was used for formulating could have Seen terms 
resonance theory passing from the scene, 


modern electronic structural theory chemical with very large serious 
task: necessary develop concept the electronic structure and the electronic 
which would serve work the same way the theory chemical struce 
ture 


can only the methods quantum mechanics, However, are laborious and 
tles the molecules, they can evidently used for with the 
sary for purposes, the electronic siructure molecules from Therefore the 
and only after results the methods quantum mechanics, Calculations the 
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calculations throughout, because the structural theory now logical 


that the theory should become more definite and also necessary that 
made from calculations and quantitics, often without definite physical meaning, 
culations electron density distribution and between this and 
structural theory, 


The second aspect the structural was also greatly the 
century, the Lauc diffraction had been obtaincd 1912, during the next the x-ray method 
for investigation the structure compounds was developed; this method made 
atomic distances and valence engles molecules very even siructure had 
established, Since the beginning the the has used for the same 
purpose, but only with the simplest molecules, and the has also come During 
the last 20-25 years methods have also been extensively used for spatial 
ture parameters 


the great majority the qualitative results classic have teen these 
which with the cnergy different with the aud 
chemical 


the electronic structure the However, each these merely and 


structure enly; for most guided the usual structural formuls asthe the 
100 years its creation, can still the structural theory the words its 
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THE ELECTRONIC STRUCTURE WATER MOLECULE 


article submitted 30, 1960 


The effective charge the proton water hydrogen bonding with the 
tion, The value found effective charge the proton with data other 


ton charges with the excess electron density the the The secoad 
good agreement with the value (99 the value 0,16 and the 
the water into account, 

and aqueou: electrolyt 


addition the action the specific hydrogen bond, which sharply pronounced directional character, the 


- 


show that the electron density the water molecule 
very low the each bond the total dipole moment the molecule mage 


and took Into account, first, that order explain the shift the 
second, for bunding occur the proton effecting the bonding must have sufficiently large 
accordingly, they shat polarization the actual process bond 
formation, 
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Liquid water some the are the The charge distribution which 
the ends which, cach the arc while the ends each with 
sic dipole where the distance between 
oxygen these calculations the value was 
used; this was the value estimated the that the 


two bonds and deformational vibrations these bunds about the 
dcnsation occurs, Increases the The following 


+19 
+40 
4-70 


The Intensity the Raman where the polarizability the molecule, the 


the bonds the same molecule, easy see that may the spectrum pure 


molecule the phase are cach other, These conclusions sre consistent with the views 


explain the shift toward highce was taken account that whea protoa 
displaced from the line the O-O bond the bond fixed) the bond weakened, 
the angle between the bonds, The constants are added, and the new 


where the force constant restricted rotation, the mass the proton, and the 
rotation, 
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are below, 


1790 

800 1780 


these discrepancies the fact that the derivations Cross and Fox and Martin the electronic 


the theory equivalent aca: directions space, the electron energy the 
bonds, The final electron density the condition minimum electron given 
Then the electronic state the free water molecule the uniquely the 
bonds, the electron distribution determined, before, the condition minimum the 
molecule for fixed the oxygen and the two the water 


When hydrogen bond formed between molecules and the minimum electron energy molecule 
tween the and the and between the former and the clouds the and 
Owing breakJown the condition the hybrid wave functions the molecule. the 


approximation the for change the the wave functions depeads only 
the proton the angle results the angle from the value the free the 


where and are vibrational coordinates, fact, the system five under 


are also pos.ible, associated with movement the and piotors, leading changes the angles and 


the directions the bonds and the the unshared electron the Since each 


the protons and have two degrees (the HjOj and are there the 
molecule should probably associated with changes the degree the wave functions the 
trons taking part the bond than the and distances with changes 
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the common the oxygen atom, hydrogen bonds (in the vapor this frequency, 

However, the within the not great, and there ar. effective charges the 
mutual the four hybrid orbitals the (19), Then 


extremely Interesting fact that the second fact found the Infrared 
with the given becaure the perturbation the bond gradually and 
The splitting the frequency may attributed the anisotropy ice, This would ace 
count for the sharp the the second frequency fusion, presence 
ble displaceinent the proton from the line mutually perpendiculas occurs 
ting the rotational frequency should lead splitting the frequency 


the phase: 


2 and 2. 


(3) 


Equatiors (3) can used for estimating the which protons the phase, With 
value 0,15, 

reality, the molecule docs not have strictly Using theorctleal estimates 
the cloud the and the nucleus the oxygen atom, then have 
for the the sccond frequency, 
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SOLUBILITY NONPOLAR GASES WATER 


the water when gases dissolve and the influence the sizes the molecutes 


state, The ratio the coefficient the vapor pressure accurately, the volatility) equal the 


for number gases solutions and the vapor the gases when the 


TABLE Henzy Gases Water and Vapor 


kcal/mole 
Ethane 710 3,7 
gates with eritical above 10° were found 


between the soivent molecules, the water, and nonpolar gases this 
the 
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Solvents 


bal 


According Fley, the heat solution nonpotar gases water room the 
unlike did not have make improbable the existence very large van 


the heat solution gases water the basis views can explain only the 


when are water, obtain between the aad experimental valucs Eley 


fact Frank and 


the faces which are pentagons and hexagons, 


solid these solutions the solute are the between the 
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the data with the explanations put for the aqueous 


The special given Eley for the considerable decrease when gascs and, 
sequently, for the low gases water not confinned fact, from that 
the gas molecules can occupy only about the the that the tolubility 
points which adsorption can occur follows from and calculations 
the dissolved reached the should more than 30%, 


The views put forward Frauk and the increase the when 
ces are dissolved are very significant for the solutions, but difficulties 
using these views explain the low solubility gases water, These difficultics are duc the fact that the 


and Ice for these values are only for ethane 


and Aqucous Sclutions and Ethane 


hypothetical 


Gas 
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where and are the the and structures; and are the chemical potentials 


atm pressure Into the dissolved state the pure structure, 


For gases the molecules which not than the cavitics ice structure this quantity probably 
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(8) 


the high value the Henry and the ponding low 


Thus, the the low water may that the docs not with 
all water but with the the that when gas molecule gocs 


the whea One Gas Molecule 


Ga lculsteu 


from 


23700 15,7 4,4 14,0 


manifested within the short-range can probably that the bee 


each water, 


C,lt, 13800 1,0 27,6 7,3 27, 


these equations the mole fractions and the truc and when they are calculated mast 


formally with the assumption that the free when the gas 


Using the (3) can show that the mole the water molecule the 
ficient the givea concentsation the dissolved gas has the same low content 
the cas, 


foilows from the that the views advanced this the water cone 


When small molecules enter the the structure the water should not expand, The volume 
change when the gas dissolves case duc only the structure Ine 


volume one mole gas of, which the same thing, the molar yolume the 
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which the gas not requircd, Lecause such are present the water very The volume 
the process (1) and not the size the dissolving gas, 


water, with the structure Into form, the total volume 
when the gas dissolves may not oaly this but also conversion the 
water the value found and method, and not froin (15) was above 
and used valucs (2) and (14) this purpose (Table 4), (15) was 


solved Water process (1), and the volume the gas dissolved 


Partial 


(2) with nature such The attribute 


Gee The difference Avy the volumes the two diminishes with 


» 


Equation and the 


9,153 19,6 0,216 


sespondingly the the (8) for water salt and for 
pure water, equation the other, taking the dividing the concentration 


bave: 
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pp. July-August 1961 

Original article submitted May 10, 1960 


close packing when the centers the occupicd atoms and 
“the composition the remains unchanged, When the ard atoms 
one way the were found, The found were compared with 


all the are atoms the same kiad ard the vertices are 
centers, 


The preceding showed that based the motifs may occur cheme 
and the anion, ete, the positions the atoms and also the atoms not 
filled, acoms may absent, may present the tetrahedral cavitics and other 


These results are follows, 


with (the networks with atoms the centers the tings), All the diversity 
the superstructures this serics and two its the die formes threefold axcs, 


the second the close-packed formed from parallel bands hexagons slong 
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should noted that all the the can from onc type the 
band wide gives the projection onc the the (Fig, 2b), 


Whea a>3 both described for are must pointed out, that 
when may also the type which the close-pached formed belongs (for type come 
posed atoms only), When there only the course the layers 
the layer formed from these bands the hexagons can join also vere 
packed cach this type are but are shifted each 


has teen found among 


but bere the atoms the sixth are the points other points, 


the othes threefold 


Hy 


Let the cases when all the are one these ways the 
whea only two types found, the first type (1) close-packed atoms ale 
mon, the second type the composition forined from hexagons atoms with shared vertices and 
with the centers the with forned from atoms with shared vertices 
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serles 


abe NakeQs, 
MoS, 
ataca 


one the three other threcfold when the formed second way 


account, 


the types described above for are possible, but there 
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CRYSTAL STRUCTURES AND CZRTAIN 


The system has not been studied view the resemblance 
properties, 


Starting Methods Pre the Alloys 


The alloys were not heat treatment, 


(load 100 was used for 


the second phase the content, 


1958), ° e 


1283 


content 


(Table 2). lattice consiant closs for the compound lattice, 


position and structure the compound 


acd second The this phase appear the pure state the the almost home 

with the valucs from the formula the type [space group 
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The question the coordination the the structure connection with the 
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are also the the unit cell 

value compazison with structures the indicates 
indexed the basi: types only (Table 2), The lattice the foliowing 


th: a(or lines are given, 


Structure structure the type (space group taken the 


Coordination 


i 
. 
2,689 
6 Hf 
2.Be 
é 


Therefore the compound the alloy with 7,74 has the type, and 


Alloys with 16,80 and 19,50 at, (80,0 and 70,0 and 


0,450 0,449 6,9 


The are assessed from the intensities the 110, 
111, and 211 lines the the 119, and the compound 


DISCUSSION RESULTS 


were known, and the structure type has been two and type) 
During the preparation this paper became with new which the 
the two systems (Table 10), that the lattice constants compounds are 


atoms and the constants obtain the coordinates the atoms 
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202 201 0,136 3,7 
| 204 0 1 5 7 5 
oe 0 05 0,734 3,8 
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types U,Zn, 
410 
325 
2,0, 
403 


— — 3,3 
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503 — ,oot 2,7 
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The compounds and clzss Intermetallic compounds with close packing 
atoms uncqual sizes and with high coordination numbers The formation this the 
system the metallic character the while their (High contents the come 
ponent with the smaller atomic radius) the the the atomic 41), 


997 
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Content the distance between the stom (the minimum distance 
2,14 and 2.07 while the distance between the 


The work was cartied out with the assistance 


SUMMARY 


The system Investigated x-ray structural snd microstructural analysis and determinations 
The compounds was established: 
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ELECTRON DIFFRACTION STUDY CRYSTAL STRUCTURES 


INTERNAL COMPLEX NICKEL AND COMPOUNDS 
SALICYLALIMINE AND ITS DERIVATIVES 


pp. July-Augest 1961 


The cell constants and groups have All the 
and Patterson The found for the salicylaliminatcs good 

The all six substances studicd have trans 


INTRODUCTION 


the stercochemistry metal formers internal complex compounds, many 
the the metal atom, Therefore distinguish between the coordination 
pumber, which may than the number owing augmentation the sphere the 


which the bonds the metal atom have not exhibit any anomalies, They the 
closest molecular usual for all organic the compounds, which 
the metal bonds are directed along the diagonals often form structures which 


Specific contacts crystals compounds may two kinds, they 
bonds, this type interaction are nickel dimethylglyoximate and copper 


Determination the positions metal atoms nickel (4) showed that this compound 


gives for the Cu-Cu distance, However, our based data 
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pyramid, 
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pounds, 
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salicylal- 
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Methods and Resulte 


se 


previously (3, 10, and were studied for the time The used 

Moscow State University), The nickel are yellow or. and the complexes are green, 

All the substances are soluble and chloroform, soluble benzene and methyl 
and the photographs were obtained transmission, The lattice constants were catculated the 

and from the obtained for all siz substances, None these had any 


disordcred polycrystals the support, 


the crystals studied are monoclinic and the respective are lattice constants the 
The densitics calculaced from are close the 


“2 


found this The space were determined from the systematic 
weak very weak which were the group; this may the dyna- 
with (sec 1), The similarity the lattice constants the space groups 
dicate 2il have similar crystal structure, 


mic character the 


TABLE 


from data symmetry the molecules the that ths moleccles and Cu, like 


The for and were used for constructing projections (the 
were estimated visually the multiple-exposure 


The was performed with the structure with the molecular 

from “elgin® and then coated with The packings found with the are 


the 


oe 


the modification the constants which are given Table type was detected 
electron the complex, the sccond modification was when the 


404 


Our data for 


Calculated from data for another apparatus, 
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factor 
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this case the axes the bonded remain Therefore, with 

molecular axis and the the plane and the angles between the 


and ancles between the coordinats axes and the 
2-2°, 
These were used for the equation the molecular 


layer. assumption the molecular may assumed that the atomle 


the molecule axis 180° this position 8), These two differ the char- 
acter and the contacts, but are very the configuration the motecules and 


would The reason for ths difference between structures and that lower 

proximation close ellipsoid, these differences are small, may that one struce 
tures and nature that these forms two modifications which may differ somewhat 
Lattice The formation which some the molecules occupy position and others poiltion 
show that the distances are more one the variants, The more probable structure where 
the atom the with 000 has three positive The projection 


The foregoing the state the present Investigation the Stewart and 
coordinates and projections given these authors correspond They not discuss the 
the the valucs found are with our (Table 2), 


our 
data 
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Fig, Model nickel salicylaliminate motecule, 


gated Stewart and Lingafeltes 
tain, even weak, additional interaction should not without 


symmetry, The between the lattice 
with the position tie atoms indicates that the 


fected significantly, these are very similar, was assumed the that the 


them, 


atoins the Oyz plane, The are superpored that atom one fits the 
angle this case not given Table bur 84°, 


q 
j | 


@.5, 0.5; 9.5, 0.27, duc vectors, may that Fig, not with this, 


J 

significantly from that found fer This possible the atoms are situated two twofold 


molecular the which quite logical, 


formed, The period results the not ene but two bound 


The proposed structure accounts the presence among the hol the 


considerably, The oxygen atom molecule that this case bond with the atom molce 
formed, Therefore these crystals too the atoms are the centers elongated 
form from mmm symmetry, 


and stable form; the configuration the and the cls configuration the 
Coordinated complexes, apart from cascs the structure the motecule such that the form 
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the metal this bond whictr appears the cause close packing the 


dve there about their axcs, However, the modifications were not 

bonds, Such polymorphism appears possible the crystallizaticn substances the molecules 
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shown the sublattice, also sugsested that high-carbon phases there 

There been numerous studics the phase and the the phase compo- 

Without discussing shall note only the most significant the 


two carbice phases, and VC, exist the system addition the solid 
data the structural properties vanadium carbides are and can used for 


that, despite the all authors (including two cuble and with each 
The transition from the the phase accompanied change lattice while the 


Thus, there are contradictions with regard the stabillty region, the cuble phases, and 
the their lattice constants composition, The nature these phases with respect 
comparison the x-ray and experimental given give rise doubts concerning the 
the suggestions since the are found about lower than the x-ray values, 


All these facts the results which are given communication, 


Badium hydride with graphite vacuum high-frequency induction furnace 

hydride was prepared metal reduction with carbon calclum, The shavings 

for and 850°, The constant the original metal was 3,029 kX, Indicating 

were for hours, and two tinics during the process, The samples were cooled the 
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SOG, OOOH . 
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ured the method with and decalin the The th: 
was about 


content the carbides was while total and free were detere 
the that the oxygen content was than should the oxycarbide 


the Investigation. 

the present was study cubic carbides, The total synthesized was 17, 
these samples are given Table and the figure, 


agreement workers, the sample with the empirical composition consisted 
V;C phase with lattice constants 22, and the carbice with 


Carbides 


the constants for the phase kX) phase kX), the hand, the con 
the stability regions the cubic due some the oxygen the samples studied 


data both with the results Gurevich and and with the 


must pointed out that, according our data, the 
following support this view, The the 
for phase the sample kX), Despite repcated heate 
sharp from large The hypothesis that the sample was 


en 


The abrupt (~0.013 kX) the the 
Not only for the system but for the following 


cal their spatial 


phases with the carbon are close; them 0.5%, the other 


This apparently Indicates, the one hand, that mudels cudle defects the carbon sublattice 
sublattice, with the carboa concentration, 
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than the experimental value, follows from Here, for the composition 


oxycarbide phascs obtaincd reduction with graphite, Tabic shows that samples free 
than single-phase samples, the hand, the single-phase oxycare 
bides good agreement with the carbide above, Morcover, they are close the 
with the experimental data 
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quence bond strengths between the three and magnesium bromide 
trictherate, 

with 


studicd the three ether molecules from with the ald 
pointed out the analogy the and structure hycrates and wers 


curves simultancously with weight changes, similar with measurement the 
photographs the external appearance the taken 


shown Fig. Optical Investigations showed that crystals are 
(Fig, which also belong the system, 


contrast the and the solubility magneslum bromide monoctherate ether dee 
woth phases were solution; were able photograph these two phases present 
the dictherate, and the are the monoctherste), 
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Time, mia ceding the endothermic effect (see curves and Fig. 
this could also detected with the torsion (see cutve Fig. 4), This led the that 
heat, 


evident that the molecule, which from the below the point 
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Temperature Finally one fail notice the the 


complcte possible that the ether molecule the 
vestigating this x-ray methods, 
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ant the method (the variant), very one, since this the mae 
calculate this starting only with the the molecule, These methods 


these quantitics are subsequently used for the 

could obtained from the trace the matrix with where the Ap, are 
relation obtained taking into account the second environment, These types relation the following 
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should diffce very the valves (2), this way 


and the deviations between the (2) and (3) 


(3), The deviations are found for the 
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free orbitals the sumber electron the calculation, cases where the bond 


DETERMINATION THE DECREE IONIC CHARACTER 


The method proposed for bond molecules has been 


bave overlap from the USA, the the method can 


Molecules 


the bonding and fer accounts for electrons, The the sums 


sium shell with the and shells, Thus, interaction the two outer electron shells the atoms 
the lonic molecule taken Into account ths the cuter shell che corresponding 
and its with the electrons may For this resson the 

difference between the Figure shows the graphical sclationship 
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5), 0,223 


TARE 


6,37 


0.9 


Real bond 
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mental Equation (1) was used for the calculation, 
donds, with the specific radicals taken account, that 
count only for radicals ths group the periodic these 
cules and because they are the constant values the 


velent 


state which sodicals docs not differ essentially from the 
which changes its valence the transition 


28% 


tentlals 


Using (2) for above, can the 
find the multivalent atoms molecules and The 
differences for the same molecules and are 


Table 


tals the number 


univalent atoms, the 


the molecute the The 
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the and the bond must Increase, 
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Extrapolation methods for electron arc based for 
relation the atomic charge are the system this type has 
straight with the electron shell structures shown that parallel depends 


laycrs 


fost used are the methods based extrapolation the 
This equation only the the two For elements number than 
with Bates, who that the results must always the lowes 


The extrapolation method has been used Johnson Ginsterg and 

(25} 
fiad the potentials Johnson derived the following equation: 

gative fon and the affinity the element found, data give agreement with 


walues the electron affinities carbon, chlorine, and the cases sulfur and nitrogen 


the electrons the They were unable justify their method but that 
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cordance with quadratic between element and another, 


docs not fully allow for the influence changes the the 


but one which the remains the same, the potentials 
tems this rype should lead smaller 


the electron are known only elements, The most data are 
cach several tenths the total Nevertheless, has been concluded from valucs found 


the electron 1), 


Cu, 


will which the valucs correct, but value for the calculated values 
given many authors (21, 


the the proposed methed over methods, but the good 
ment between our valucs and those which been (fos 


Xe, and Rn; Si, Ge, and Sn; Cl, and rows (Nb, Mo, Rh, and fd; Pb, 
and Cd, and Te; Ni, Fe, and Co; Ca, and Such are the 
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for Nb, Mo, conclusion, However, the slope the for these five ciffers 
from the slope for probable explanation that the group have two 

With the number shells the atom the effect becomes pronounced, and 
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Table contains valucs the constants and inthe equation calculated the 
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may by-passing high and that the energy difference tctween Lomers 
the energy for the must somewhat than 120°, 


INTRODUCTION 


about bonds not and this the cause The nature the 
has been the numerous investigations, but the question finally 


dered, 


This should takca Into account, the bonds, tut not the 


without 


- e 


The steric effect the curve the the 


for where the steric factor alters the value the bare 


The good with data for ethanes, despite the the above 


Putsya and analyzed the varlous and showed that Interaction 

must taken Into account, They that the most advantag tous 

distances, and the character the poteatials was not account, that thels 


tion, 


Steric Propane and Butane 
the Internal rotation about the bend, These may follows, 


calculations based the given show that this Interaction 


e 
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. 


and the steric contributions the potential molecules likely 
arc small, and the valucs the barrier, 


very small, 


. 


nH, ily . 


and the curve for the total the sum the other two, The for 


cule the trans the position can effected the toute shown the dash 


Curve interaction The dash line the course 


e . 


the stable trans n-butane exists the and coiled rotational but with 

the angle different from 120°, The the the minimum (1z 
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All the applicable calculations effects hydrocarboas both low and high 


Catculation Erroe 

shall assume that the associated with the potentials ace the same order, The use 
errors (of the 0,02 the region; the kcal/mole with not exe 
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476, July-August 1962 

Original article 14, 1960 


Studies the Faculty, Mo:cow State University, This 


tadlenyl 


Nine electronediffraction with each were obtained and studied, refined 
0,01 


the near future, 


CITED 


: 


THE TWO-STRUCTURE MODEL WATER 


Original article submitted April 12, 1961 


and solutions the model water liquid water contains two structurcs 
cavities the the physical basis for identification the second, close-packed, water 
structure, 

shall show that the ratlo the water the and second structures, 
with data from the difference between the free the two structures and used authots 

cules double the the Ice when all the cavities have been filled with 


The the equation the water and the densities water and 
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Translated fiom Zhurnal Vol, No, 

pp. 417-478, July-August 1961 

acd rhomble bipytamid The ratlo was found from and pow 


The positions the atoms were found projections the and plane, The 
atoms were determined method, Electron density projections the plane were 

for confirmatioa, The values were for the atomle 
¢ ‘ 


0,000 


The the such that the molecules packed the cell strain were 


Cc, 0x, 0,76; 0,36, Cc, 0,12, 0,42, 0,5t, 


projections with atoms taken account, and also with the difference 
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article submitted August 18, 1960 


The existing data are inadequate one these structures, 


alr; therefore they had sealed Pyrex and Lave patterns 
the principal axes showed that the the Laue class, Oscillation pate 


the molecule, condition definitely exclodes with oxygen the which would not have 
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pp. 1961 

submitted April 28, 1961 


and form molecular both with and nonpolar compounds which can 
electron This may the one hand, the presence low antibonding orbitals and 
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Colling and were the first that benzene saturated with gascous absorption 

aod its intensity with time, This duc slow chlozination the sulvent The 

type and the depends the overlap integral 
with benzene and substituted compounds the 
chlorine the molecule and the 
dipole moment and the are not zero and the 
mation complex which the chlorine Hes along the the plane 
the benzene molecule 


However, according Mulliken this configuration the complex should the 

The absorption the molecule that the symmetry and form the 

chlorine the complexare from those the molecule and the 

this frequency the higher the density and the lower the 
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The double bond may the electron donor, strong above 


plex, 


the 913 and 1072 which spectively symmetrical vae 


the complex 
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bly ths same 
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the bands with the fodine solution, while that the band 
the Integral Intensity the band temperature the range was uscd for 
ing the entropy, enthalpy, and free the the valucs found were: 
the carbonyl group decreased and this lowering the frequency the vibration 
teated follows 


ently the carbonyl with the ring, and 

1635 


Fiz. absorption the system 
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MAGNETIC RESONANCE AND THE 


from Zhurnal Khimil Vol, No, 


-The review deals with the main rcsults from hydration snd structure for 
between fon anu watcr, and the water and others further away, 
The advantages magnetic-resonance are pointed out, 


marked Increase the work published, Some studics water and not 
All the same, papers and solutions throw hydration and the 


papers, which very often with free sadicals, This even some physical 


methods sie valuable for with water and such objects were 
covered nuclear resonance these same group made the same 
theory nuticar for techalques always teen closely with 
problems account sensitivity the state the particles, 


The theory hydration (the the theory solutions) covers problems, many 


The between and water NMR results, also with the principles 


Spin Resonance 


steady The vector spin thls ficld can take only definite positions, each 
which this can occur only when the energy equals the dilference 
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The effect called spin resonance (ESR) 
with electron and nuclear magnetic rescnance 
Yed with nuclear The frcquencics these two differ 


NMR observed from the the that produces 
falls when absorption occurs, and the voltage 
the mean ficld the one producing resonance, The signal 
and the operates with the ficld 
tlon, 


the This with spin the spin system dozs act come thermal 
the body matter (in any state) the 


Fig 


motion did not The exchange between the and the spin system may 


M, as Np. 
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Theory Relaxation 


ponent T;) (3). 


spin-spin which when thermal agitation are 


Only that part the spectrum near the can the that The 


trum has the form 


This dipole-dipole thecry relaxation thes that (both the order second) n/T 


(7) 


the and the distance between the protons, The 


Spectral 


ves 
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(9) 


may much The measured for pute water which quite well with the These and 
means mixtures water, above theory indicates that forthe protors with 


(10) inthe more fonn 


for 
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(11) would This means that the part docs not the othce Now this 


TABLE 


0,97 

1,16 1,83 
2,20 
2,55 
1,85 2,95 
2,13 3,37 
2,79 
3,52 
4,37 6,78 
4,82 
7,36 
7,91 
6,27 8,49 
6,8! 9,10 
7,26 0,70 
7,75 10,30 
8,20 


4 


1,00 
0,99 1,02 1,02 

0,93 1,00 

6,99 

0,98 

4,00 

0.95 

0,93 

0,49 0,96 

0,93 

0,03 

0,34 0,90 
1,06 0,89 

1,03 0,84 0,87 


that the from tracer measurements are about too (see for tracer 


found that the also the following. selaxation theory correct, Stokes 


find 


= 


Circle, 


imal 


below), ere assumed all equal The last three columns Table 


give Dn/T, and (the figures are the maximum 
These are taken show that the 
and Elsner have measured for and 
they find that the time proportlonal 
moment ard (the mass the system) than 
well (17) 

The term for the rotational motion the one Ep, 


. 


| 
| 
° 
. 
e 


gicatly from those ways froin the ure heavy water, This them conclude that the 


cule whole and that exchange plays great part, 


benzene, cyclohexane, isopentane, and The valucs for water for kcal/mole 
100°; the activation for diffusion, docs not (of the only 
tromethane and show such dependence), The activation for the 
The are general (not exact) with except for 


Motchaune and (22,23) have made differcat use self-diffusion measurements, 


solld and applicatlons are possible 
Shifts 

All the selate protons water, but not the only use tcsearch, 
with the chemical the clement, The the tic molecule, which 


dchyde and mixed with 


the full the use 
(13) 


. 


! 


close the ground state (the two mix the external magnetic ficld 


and the The expression for much more complicated the atom Rame 


formula and becomes exactly that when with respect all (The 
van formula for the magactic susceptibility (the high-frequency polarization 


Figure shows the shifts for affected with water the 
shift water the hydrated form that for shifts more than that for 
foe These effects have been (32) the coastant; the good 
with tho:e from methods, 


Shifts Agveous Solutions Electrolytes 

the shift the state (relative methane and ammonia) The diamagnetic component 


althouch the contribution from this can cause shift The hydrogen bond 
show thit Inert solvents the structure water and the bonds, and this way they 

are much because they are very the state the compounds the 


electrolyte and that with the and with tne the the caption, 
This behavior wish the state the dependence for 1-1 exe 
terms the change the bonds, The fall the those bonds the 


| 
e 
| 
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the (the fon have polarizing effect), 


possible distinguish contributtons frem the anten and from 
calculated from 
-A- 
which and are the relative shifts and ane 
culations (Table show that the argument correct, 
account the the fields around the 
gives the shift caused solely 


constant, would expect total shift with the but this only 


A 
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Solvent 


ethanol 


7 
ef 
— . 
=] 
moles per H,0 


tween those for water aid for water vapor; 


conserved more than Eucken but than Figure shows that the 


The sbove discussion covers the main the werk end account the 


Tetraalkylammontum salts give shift that are 
(within the experimental the concentrations; 
For example, the for and having 


dence that can weter solue 
they give bonds, the sercening ought 
protons the water and the aliphatic chaln; 

anol that the grezps the compound 
ficld This shows that for the 
the radicals (at when these are solvated), The 
also being the same ior water 
one the experimental with the 
sults and the liquid water and 
(8) have teen used for curve calculate funce 

the for water vapor bond broken, although 
data the difference between the 
Indicates (33) the structure the 


og 


OH,..CHy distance (ia c/s). 


and pute water function 
nitrates; found doubtful (Fig. 10) between 
molar shifty and for the 


Such fons with the water evidence shows that which 


Mavel has the protun sesonance water dissolved solvents oxygen 
and has the results the discussed above, The Jominant process 
the constant 


- 


“ 
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record the proton strong acids, Masuda and (10) were the record 
systems which exchange was slow absent, 


tom). The first broaden, then fuse into whose width the 


The Initial droadening results from the time for 
which the the angular frequency (the width), 


Fig. Variation spectrum with 


Fig. 12, NMR the chanyes width for the 


| 
| 
: 


change small when the exchange sate high, and the protons have effective mean 


change the proton frequency (an account the The individual components thereby 
become low exchange and fuse into one high Figuse this effece the rate 
exchange; each gives Incependent estimate the exchange has the 
ature, and related the water, the case the lines fuse into one the water 


(Fig. 12), The 


tuse and 
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pairs and molecules; the trend the shifts shows 


that the more heavily screened thaa the chlorine 
(the effective more for the hydrated ion), 

The found for acid from the spectra not agree with 

that found from Raman with that from (Fig. 


and because there only onc line the spectrum; these specics are 
solutions are than that for the anhydrous which terms 
the bonding affecis the the (F). 


have the acidity function and the 


composition for the middle from the NMR results for 


Fig. Relation for nitric 
acid concentration from 


but doubt has been the given the chemical 


ation for nittic and acids from The for the 


acid agree well with those from Raman this not for the 


acid, this assumption the 


has considered the and proton for nitric the and Ramen 
than the other two; even when the that acid there four water molecules 


the docs not eppear until all the water has become 


Gutowsky have the proton-resonance spectra and KOH; the signal 
pot more than see, Gutowsky and Fujiwara (51) have found that the one 
pow only, which means the proton states less millisecond, 


the actual process, should have that the concentration this not 


Interscting molecules connected hydrogen bonds, 


than the frequency pure water (8), This because the lons have 


1/3 but this docs explain the the signal allowance must for the 


alone 


ing aluminium found that the salt reduces idcrably (Fig. 15), and that the equilibrium 


for the the salt, for the effective hydration the 
the NMR results for electrolytes, and have the 
exchange (about msec) for the water the hydration the 
the the proton line width; gives about same value 
the basis and alw claims that the foa 
ment (Fig 15) shows that this medel 


dissociation, from effects lithlum chloride and 


the water, All the same, did not prove pose 


tions aluminium 


There several the chemical shifts for the proton resonances 


these two the for probably with that the The are yet more 
favorable 
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Nuctear 


ing ficlds strong and the short, contribution from becomes 


low concentrations, 


the the complexs 


affects (53) has shown that occurs with many concludes 


There large when heavy water replaces the ordinary kind (18); this effect 
tent the which may prove value future studics 


that the around solvated fon will with the result that will (on account 
the large distance), has made some measurements hydrated salts 


Rivkind has also sclaxation times for from which has the 
fons but the effect vanishes when the chelated, ths hydration 
considers that bond Covalent, the bond heavy water purcly which 
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the the fon and the protons the This has very much 

than the dipole one, Ty, This contact sald only when the electron 
the differs from zero this have the very Interesting that the the 


The contact account nuclear via and partly via (the spent 


This agsin shows that have major cffects and governed not only 
the two become equal and the removed, fact, whereas the valucs 

cules, The the coniposition and the solutica will now examined belng very 


patible with the mechanism that the time, 
much the extent which the system has 
proached that approach very 
the changes only the second hydration layer 


and are accompanicd and poly 
The fon represents case, the displays must other which have fac 
been overlooked 


polat view the changes 


Immediately adjacent the the mean pure water). for this the 


portant feature any difference the slopes the potential minima 16), 
consequent displacement from the position the top the potential 16), The 
the motion the water next the the former case the motion fice 


. 
. 
Es 
Me 
1 
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tain that but such averaging not occur, the 


? 


, 


Ay. show that the amount governcd ead the contact 


the between the for proton and and that Unie for ths molecule 


Bete 

Cu** 
2,4 


effects have been for the for the same calculated from There 


and for anions for which are known (75} support this concluston, since almost exactly the same 
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may that the for solutions free froin chelating agents may throw some lon hydration; (20) and (22) -how 


cule) exchange becomes with the frequency collision between the protons and the fons, 
and this can occur though the water firmly bound (as for The for and 
the (which makes about 1,4 may the covalent from fon water, 


TABLE Confirmation thls comes from Shulman and 


proton 


4.4 


mates the mean water molecules 
change rate, because data are for Ty, The formula used 


constant 


. 


2.5 
0.6 


and 

water (as this for the and for ths chloride, The shift war gauss 
for solutions, the difference probably being the result the hydrogen from water bound the 
The position the signal was not affected, but perchlorate produced shift 


from the water and the but signals from the free and bound 


The special studies the first that necessary measure the exchange 


which was the guiding principle 


shed from exchange parts; the results for methanol (Table show that and 
prodably have that for methanol molecules, have The line 
width for the The same occurs with water; the NMR for protons 
some these This shows the measured means proton are similar the truc 
but not them, The oxygen bound more than the protons the ton, the NMR for 
the true 


The for the alcohols are than the for water; this because the water more 
ethanol gencrally than the gate for methanol and excepted), Results have 
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want 
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the for protons and mutually fairly well and also with the The NMR 
the effects factors that affect the the also simple and can give 
very good for negative 


show that even for the would many hours 


and gives the result; the between and the concentration the water, 


tion the compound, bromide, chloride, and carbonate the frequency 


Connick and Poulson have found that the show chemical for that de- 


teraction between that covalent boad (chemical and for Coulomb forces 
that occurs during the the time will the the free this gives electron exchange, and 
the numbers the and water molecules surround The that the 
tion the depends the balance between the and Figure shows that the 
stronger than the onc; the reverse nitrate, This explanation fits 
natursily with the known chemical The nce curves for and 
although they are much account the between the shells the results 


constants for the 


| 
. 
4 
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chemical shifts and but such methods are and The 
and means elongation along the spin meaning that The 
very much dependent the structure, and have reviewed this The quadrupole 
the may too broad The shells are for much the broadening 
few papers the use The main place taken the work Wertz and 
detzky which gives some gencral avout the the and 
fons, For the width for docs not from for salts formed with the anions 
centrations above 6M, The phosphates and give broad for solutions, though, 


and 


vent, the can move snd rotate correct for halide salts 
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The structure the complex affects the ESR via the these ESR are very 


show that the complexes not 
has found that this can occur along any coordinate axes, and that the from ons 
The. have almest purcly cubic symmetry low (solutions organic 


assist solving For example, may with ray, and other 
physical 


also Yu, Gurikov and for advice and 


for the are with those for the 


- 
- 
| | | 
. 
kus 
> 


> 


and Glulotto, Rev, 93, 124 (1954), 
and Purcell, Pays, Rev, 94, €30 (1954), 


Vea Electsic and Univ, Fress (1932), 


. 
q 

. 
‘ || 


80, and Poulson, 30, 759 (1959), 
Ya, Zh, 33, 2031 (1959), 


and Amer, Chem, Soc, 82, 318 (1960), 


. 
| 
. 
i 
| . 
i 
4 
j 
. 
rere 
i 
. 


Eksperlm, Flz, 23, 335 (1960), 


Soc, Japan 15, 1493 (1960), 


cover English translations the back this 


4 
. 
. 
. 
| 
. 
bd 
. 
. 
° 
. 
a 
. 
< . 
4 e 
ere 
. 
ay 
. 
4 
4 
: - 


CURRENT EVENTS 


SECOND THE USE ELECTRONIC COMPUTERS 


During the six years since the Conference the programming 


skaya MGU) the the computer for the method differential 
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State and Lit. Press 
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